Targeting the glutamatergic system has been suggested as a promising new option for developing treatment strategies for bipolar depression. Cytidine, a pyrimidine, may exert therapeutic effects through a pathway that leads to altered neuronal-glial glutamate cycling. Pyrimidines are also known to exert beneficial effects on cerebral phospholipid metabolism, catecholamine synthesis, and mitochondrial function, which have each been linked to the pathophysiology of bipolar depression. This study was aimed at determining cytidine's efficacy in bipolar depression and at assessing the longitudinal effects of cytidine on cerebral glutamate/glutamine levels. Thirty-five patients with bipolar depression were randomly assigned to receive the mood-stabilizing drug valproate plus either cytidine or placebo for 12 weeks. Midfrontal cerebral glutamate/glutamine levels were measured using proton magnetic resonance spectroscopy before and after 2, 4, and 12 weeks of oral cytidine administration. Cytidine supplementation was associated with an earlier improvement in depressive symptoms (weeks 1-4; p ¼ 0.02, 0.001, 0.002, and 0.004, respectively) and also produced a greater reduction in cerebral glutamate/glutamine levels in patients with bipolar depression (weeks 2, 4, and 12; p ¼ 0.004, 0.004, and 0.02, respectively). Cytidinerelated glutamate/glutamine decrements correlated with a reduction in depressive symptoms (p ¼ 0.001). In contrast, these relationships were not observed in the placebo add-on group. The study results suggest that cytidine supplementation of valproate is associated with an earlier treatment response in bipolar depression. Furthermore, cytidine's efficacy in bipolar depression may be mediated by decreased levels of cerebral glutamate and/or glutamine, consistent with alterations in excitatory neurotransmission.
INTRODUCTION
Bipolar disorder (BD) is a psychiatric disorder with a 1.3-1.6% lifetime prevalence and high disability (Belmaker, 2004; Muller-Oerlinghausen et al, 2002) . In patients with BD, depressive episodes are more common and require a longer recovery time than manic episodes (Calabrese et al, 2004; Keller et al, 1986) . Moreover, bipolar depression has been associated with a higher risk for suicide than unipolar depression (Benazzi, 2007) .
Mood stabilizers and atypical antipsychotics have been established as standard treatments for bipolar mania (Muller-Oerlinghausen et al, 2002) . In contrast, there has been less consensus and more controversy regarding treatment options for bipolar depression. Treatment strategies vary and include an increased dose of a mood stabilizer, the addition of a second mood stabilizer, and the adjunctive use of antidepressants (Belmaker, 2007) . There remains an unmet need for developing new treatment strategies for bipolar depressed patients.
Mounting evidence supports the view that the glutamatergic system plays an important role in mediating synaptic plasticity and long-term cellular health or atrophy, factors that are presumed to be involved in the pathophysiology of BD (Sanacora et al, 2008; Zarate et al, 2006a) . Modification of the glutamatergic system has been recommended as a potential treatment strategy for this disorder (Sanacora et al, 2008; Zarate et al, 2006b; Krystal et al, 2002) . Recent preclinical studies indicating increased cerebral glutamate levels and reduced glia, which recycle glutamate, in BD Michael et al, 2003; Ongur et al, 1998; Rajkowska, 2000; Rajkowska et al, 2001; Webster et al, 2001 ) also provide a plausible rationale for applying agents that modulate this system in treating patients with BD (Sanacora et al, 2008; Zarate et al, 2006a; Krystal et al, 2002) .
Antidepressant effects of riluzole have been reported in patients with bipolar (Zarate et al, 2005) and unipolar depression (Zarate et al, 2004; Sanacora et al, 2007) . Both riluzole and lamotrigine reduce glutamate release through mechanisms that inactivate voltage-dependent sodium channels (Ahmad et al, 2004; Lees and Leach, 1993; Benoit and Escande, 1991; Hebert et al, 1994) , and recent clinical studies of both pharmaceuticals (Zarate et al, 2005; Calabrese et al, 1999) suggest that this regulation of the glutamatergic system is critical in treating bipolar depression. In accordance with the increasing need for providing therapeutics with novel mechanisms (Sanacora et al, 2008) , lamotrigine has been more frequently considered as the first-line medication for the depressed phase of BD (reviewed by Fountoulakis et al, 2005) .
Cytidine 5-diphosphocholine (CDP-choline), which functions in the brain as cytidine and choline (Kennedy and Weiss, 1956; Secades and Lorenzo, 2006) , has received attention regarding its neuroprotective effects on a diverse range of neurological diseases (Secades and Lorenzo, 2006; Adibhatla and Hatcher, 2005; Adibhatla et al, 2002) . Although precise mechanisms remain unclear, recent preclinical evidence suggests that cytidine exerts a neuroprotective effect through an increase in cerebral highenergy phosphate levels and the reversal of excess glutamate neurotransmission (Hurtado et al, 2005; Mir et al, 2003; Radad et al, 2007) .
Considering that mitochondrial dysfunction has been implicated as an important element in the pathophysiology of BD (Kato and Kato, 2000; Stork and Renshaw, 2005) and that the de novo synthesis of pyrimidines (cytidine and uridine) is an energy-requiring step (Loffler et al, 2005; Santos et al, 1968) , exogenous pyrimidine administration will quite likely reduce mitochondrial energy requirement in bipolar patients. Increased reservoirs of high-energy phosphate produced by cytidine might alleviate mitochondrial dysfunction and normalize energy-requiring glianeuronal glutamatergic cycling in BD.
Cytidine, a pyrimidine, is also known to play a role in phospholipid metabolism and membrane stability (Cansev, 2006; Carlezon et al, 2005; Savci and Wurtman, 1995) . Biochemical alterations in the structure and function of neuronal membranes can affect the intracellular and extracellular processes and synaptic neurotransmission, all of which may be involved in the pathophysiology of mood disorders (Carlezon et al, 2005; Lands, 1992; Nomura et al, 2001; Pacheco and Jope, 1996) . Pyrimidines have also shown antidepressant-like effects in animal studies (Carlezon et al, 2002 (Carlezon et al, , 2005 , which may stem from the alteration of cerebral neurotransmission (Carlezon et al, 2002; Martinet et al, 1978 Martinet et al, , 1979 . Experimental reports that CDP-choline increases the cerebral dopamine and norepinephrine levels suggest cytidine's effects on synaptic catecholamine transmission (Martinet et al, 1978 (Martinet et al, , 1979 Agut et al, 1984; Saligaut et al, 1985) . Taken together, cytidine, which has apparent beneficial effects on cerebral energy and neuronal membrane phospholipid metabolism, may prove to be beneficial in treating patients with BD through its influence on the glutamatergic system.
In this study, we aimed to investigate whether oral cytidine supplementation is beneficial in improving depressive symptoms in bipolar depressed patients who are being treated with valproate. We also aimed to test the hypothesis, using in vivo proton magnetic resonance spectroscopy (MRS), that oral cytidine administration would induce changes in cerebral glutamate/glutamine levels.
MATERIALS AND METHODS

Subjects
Thirty-five patients who met DSM-IV criteria for bipolar I or II disorder, depressive state were recruited from the psychiatric clinic at the Catholic University College of Medicine. Image data were analyzed in collaboration with the McLean Hospital Brain Imaging Center and the Seoul National University Hospital. Inclusion criteria were (1) age 20-65 years, (2) BD I or II, as determined by the Structured Clinical Interview for DSM-IV-Patient version (SCID-P) (First et al, 2002) , and (3) depressive phase (17-item Hamilton Depression Rating Score, HDRS 418) (Hamilton, 1960) . Exclusion criteria included major medical, neurological disorders, comorbid psychiatric disorders (with the exception of anxiety disorders and non-antisocial/borderline personality disorders), and contraindications to magnetic resonance imaging (MRI).
The study protocol and consent form were approved by the Institutional Review Boards at the respective institutions. After a complete description of the study, written informed consent was obtained from all subjects before participation.
Patients with bipolar depression were randomly assigned to receive valproate plus either placebo or oral cytidine supplementation. Before randomization, a minimum 1-week washout period was required in patients who were on mood stabilizers or antimanic drugs other than valproate.
The treatment plan for all subjects included valproate loading and maintenance. Once a target plasma concentration (50-100 mg/ml) was achieved over a 5-day period, valproate dosing remained unchanged. Zolpidem (5-10 mg per day) for bedtime sedation and concomitant medications for stable medical conditions were permitted.
Cytidine was administered at 1 g twice a day. Placebo was formulated as an inert fructose pill. Cytidine from ICN Biomedicals was purified by Natural Pharmacia International Inc., processed under GMP conditions (Chemo Dynamics, LP, Sayreville, NJ, USA), and purified cytidine was then encapsulated by Nutra Med Inc. (Rahway, NJ, USA) into capsules containing 250 mg cytidine.
All patients were scheduled for baseline and three additional follow-up MR examinations, at weeks 2, 4, and 12, to assess the effects of adjunctive cytidine administration on cerebral metabolite changes over a 12-week treatment period.
Clinical assessments by the HDRS were conducted at baseline and weekly intervals for the first 4-week period and then at weeks 6, 8, and 12 for the remaining treatment period.
MRI/MRS Acquisition and Processing
Brain MRI was performed using a 3.0 Tesla GE whole body imaging system (GE VH/i, USA) for 18 cytidine and 17 placebo supplementation subjects. A three-dimensional spoiled gradient (3D SPGR) echo pulse sequence was used to obtain sagittal T-1 weighted images (echo time TE ¼ A water-suppressed, localized point-resolved spectroscopy (PRESS) pulse sequence was performed using single-voxel proton MRS obtained with a quadrature head coil. Parameters were as follows:
, acquisition time ¼ 128 Â 2 s, bandwidth ¼ 2500 Hz. The midfrontal cortex VOI was positioned anterior to the genu of the corpus callosum, and was centered on the midline on the axial plane and on the bicommissural line on the sagittal plane, as described earlier (Ham et al, 2007; Sung et al, 2007) (Figure 1 ).
Absolute metabolite concentrations of glutamate/glutamine (Glx), N-acetyl aspartate/N-acetyl aspartaryl glutamate (NAA), creatine/phosphocreatine (Cr), and choline were estimated using the Linear Combination Model (LCModel) software (Provencher, 2001 ). An unsuppressed water signal was used as an internal concentration reference, and the standard GE metabolite spectra was used as a basis set (Provencher, 2001; Barker et al, 1993) . Metabolite concentrations are reported as mmol/l. The macromolecule and lipid basis spectra were also included into LCModel fitting (Provencher, 2008) . Spectral quality was adequate for reliable peak fitting for metabolites, with a signal-to-noise ratio (SNR) of 7.18±1.07 and a full width at half maximum (FWHM) of 0.064±0.009 p.p.m. across every time point. To ensure high-quality data, metabolite concentrations from spectra with a Cramer-Rao Lower Bound value o20% (Provencher, 2001) were included only in the final analyses. Estimates of the variances associated with metabolites other than Glx were all in the acceptable range (within 20%) in our study. Glx resonances from one 2-week follow-up scan, two 4-week follow-up scans, and one 12-week follow-up scan were excluded because of poor reliability of determination. There were no differences in gray matter, white matter, and cerebrospinal fluid (CSF) proportions at each time point between cytidine and placebo groups. Metabolite concentrations were arithmetically corrected for voxel CSF proportion assuming a metabolite concentration of zero in CSF (Bustillo et al, 2008; McLean et al, 2001) .
Given the role of glutamate in the pathophysiology of BD (Krystal et al, 2002; Kugaya and Sanacora, 2005) and potential effects of cytidine on cerebral glutamate levels through mechanisms involving membrane stability and high-energy phosphate restoration (Hurtado et al, 2005) , changes in cerebral glutamate/glutamine level were of interest to us.
Statistical Analysis
Group differences in demographic characteristics involving continuous and categorical data were assessed using independent t-tests and w 2 tests, respectively. In this study, the primary outcome measure was changes in HDRS scores from baseline. The secondary outcome measure included changes in cerebral glutamate/glutamine levels. A mixed-effect regression model with repeated Chemical Shift (ppm) measures was used to analyze the primary and secondary outcomes, which included all available data at each time point. Age, sex, depression severity, and cerebral glutamate/ glutamine levels at baseline were covaried when necessary. Efficacy was evaluated by testing the interaction effects of the treatment group at each time point. Response was a priori defined as a more than 50% reduction in baseline HDRS scores.
To determine the clinical relevance of glutamate/glutamine changes in each group, partial correlation analyses, controlling for age and sex composition, were performed to assess associations between changes in glutamate/glutamine levels and HDRS scores in cytidine and placebo add-on groups. On the basis of an a priori assumption that depressive symptoms and neurometabolites would change over time in a linear manner, the slope, ie, rate of changes of HDRS scores and glutamate/glutamine levels over time was used as an indicator variable.
To evaluate whether the patterns of associations between cerebral glutamate/glutamine level changes and clinical improvement during the treatment period would differ between groups, regression lines were compared, with an interaction term as an indicator, between the two groups.
Statistical significance was defined at an a-level of less than 0.05 and as two-tailed. Stata 5.0 for Windows was used for all computations.
RESULTS
Effects of Cytidine Add-On on Changes of HDRS Scores and Cerebral Glutamate/Glutamine Levels: Primary and Secondary Outcome Measures
Study subject demographics, clinical characteristics, and previously used medications are presented in Table 1 . There were no significant differences in demographic or clinical characteristics between the cytidine and placebo add-on groups. Four patients (two for each group) out of 35 initially assigned patients dropped out at 3, 4, 7, and 8 weeks after baseline.
Lifetime histories of participants' prior medication use are described in Table 1 . Participants in both groups were similar regarding treatments for current episodes prior to the participation of this study. In all, 33.3, 33.3, 16.7, and 5.6% of the cytidine add-on patients received valproate, lithium, antidepressants, and neuroleptics, respectively, prior to study participation. In addition, 35.3, 29.4, 11.8, 11.8, and 5.9% of placebo add-on patients were treated for current depressive episodes with valproate, lithium, antidepressants, carbamazepine, and neuroleptics, respectively. There was no significant difference in zolpidem use between the cytidine and placebo add-on groups (w
No statistically significant difference between the two treatment groups at baseline was noted in the HDRS scores (t(33) ¼ À0.3, p ¼ 0.77) and cerebral glutamate/glutamine levels (t(33) ¼ À0.1, p ¼ 0.95).
The cytidine add-on group showed a significantly greater improvement in clinical symptoms than did the placebo add-on group early in the study period (Figure 2 ). With week-by-week mixed models, these significant differences between the two treatment groups were detectable from the first evaluation (week 1) and were maintained through week 4 (week 1, z ¼ À2.4, p ¼ 0.02; week 2, z ¼ À3.3, p ¼ 0.001; week 3, z ¼ À3.1, p ¼ 0.002; week 4, z ¼ À2.9, p ¼ 0.004) (Figure 2) .
Response rates did not differ significantly between the cytidine add-on group and the placebo add-on group at the study end point (53.3 and 46.6%, respectively, w
The rate of changes in frontal glutamate/glutamine levels from baseline to follow-up scans in the cytidine add-on group differed significantly from that observed in the placebo add-on group throughout the treatment period (week 2, z ¼ À2.9, p ¼ 0.004; week 4, z ¼ À2.9, p ¼ 0.004; week 12, z ¼ À2.3, p ¼ 0.02) (Figure 2 ).
There were no significant differences in the rate of changes in other cerebral metabolites including creatine, choline, or NAA between cytidine and placebo add-on groups (Supplementary Table 1 ).
Relationship between Rates of Change in HDRS Scores and Glutamate/Glutamine Levels
We also examined whether cerebral glutamate/glutamine changes were associated with clinical improvement in depressive symptoms in each patient group. Cerebral glutamate/glutamine level changes were positively associated with clinical improvement in depressive symptoms (r ¼ 0.69, p ¼ 0.001) in the cytidine add-on group but not in the placebo add-on group (r ¼ À0.34, p ¼ 0.18). Covarying for age and sex composition produced similar results (cytidine and placebo groups: r ¼ 0.67, p ¼ 0.005 and r ¼ À0.29, p ¼ 0.29, respectively). Multivariate analysis using interaction terms has also shown that the there is a differential pattern of association between cerebral glutamate/glutamine levels and HDRS scores between the cytidine add-on patients and placebo add-on groups (p for interaction ¼ 0.009) (Figure 3) .
In the cytidine add-on group, cumulative adverse events were gastrointestinal discomfort (11.1%), tremor (11.1%), headache (16.7%), restlessness (5.6%), weight gain (5.6%), and somnolence (11.1%). Adverse events of the patients assigned to the placebo add-on group included gastrointestinal discomfort (11.8%), dizziness (5.9%), headache (11.8%), somnolence (5.9%), dry mouth (5.9%), and tremor (11.8%). No serious adverse events were noted in any of the treatment groups. The profiles and frequency adverse events did not differ between the two groups.
By inclusion criteria, participating subjects did not exhibit hypomania or mania using criteria from DSM-IV and with YMRS (X16) at baseline. One subject from the placebo add-on group experienced treatment-emergent hypomania during the period of the study.
DISCUSSION
This double-blind, randomized, placebo-controlled study suggests that cytidine augmentation of valproate produced a much earlier improvement in depressive symptoms in patients with bipolar depression. Cytidine supplementation was also associated with greater and more rapid reductions in cerebral glutamate/glutamine levels. Although glutamate in the brain can be non-invasively measured in vivo by using proton MRS, it should be pointed out that the glutamate signal, which constitutes a major part of glutamate/glutamine resonance in the LCModel (60-80%) (Pouwels and Frahm, 1998) , is hard to resolve separately from the glutamine signal even at higher magnetic fields, such as in the 3 Tesla scanner used in this study. The glutamate/glutamine resonance, therefore, has been assumed to reflect alterations in the glutamate/glutamine cycle (Rothman et al, 2003) .
It is noted that decreases in cerebral glutamate/glutamine levels were associated with clinical improvement only in the cytidine add-on group. Comparison of regression lines between groups (p for slope difference ¼ 0.009, Figure 3 ) also showed that the cerebral Glx level changes in the cytidine group are relevant to cytidine's therapeutic efficacy.
There was no change in cerebral glutamate/glutamine levels in the placebo add-on group. This suggests that valproate-induced clinical improvement in bipolar depression is likely to have a mechanism of action different from that in the cytidine add-on administration. Our previous proton magnetic resonance spectroscopic imaging study reported that valproate-treated bipolar patients did not show cerebral Glx level changes despite symptom improvement .
Although antidepressants are frequently used in treating patients with bipolar depression (Belmaker, 2007) , there have been debates about their use because of the risk of iatrogenic episodes of mania or rapid cycling as well as concerns about their efficacy (Belmaker, 2004; Gijsman et al, 2004; Moller et al, 2006 ). Reviews of well-controlled studies have suggested that antidepressants are efficient in the short-term treatment of bipolar depression with a relatively low risk for mood switch (Gijsman et al, 2004; Moller et al, 2006) . However, a recent large-scale controlled study, conducted in accord with routine clinical practice, reported that standard adjunctive antidepressants were neither efficacious in the treatment of bipolar depression and nor did they increase the risk for mood switch (Sachs et al, 2007) . These recent efficacy data highlight the need for developing new treatment strategies for bipolar depression. A lag in treatment response, approximately 4-6 weeks, for conventional antidepressants (Hyman and Nestler, 1996) poses another clinical challenge, given the high risk for suicidal behaviors within the first 9 days after starting antidepressants (Jick et al, 2004) . Therefore, treatment strategies with a more rapid onset of antidepressant effects are important in treating patients with bipolar depression.
Fluoxetine add-on to olanzapine in treating bipolar depression produced a greater improvement in depressive symptoms starting at 4 weeks to week 8 relative to the olanzapine monotherapy group (Tohen et al, 2003) . Considering the current observation of faster, as early as week 1, clinical improvement, cytidine's mechanism for re-establishing normal mood in bipolar depression may be different from those of antidepressants.
Adaptive neurotrophic signaling changes have been postulated as a final common pathway for stable long-term treatment effects of mood disorders (Kugaya and Sanacora, 2005) . A focus on glutamatergic system-associated synaptic plasticity has specifically been proposed as one mechanism involved in the onset of antidepressant actions (Sanacora et al, 2008; Machado-Vieira et al, 2008) . Recent clinical trials reporting the efficacy of an N-methyl-D-aspartate antagonist on treatment-resistant depression supports the role of the glutamatergic system in rapid and sustained treatment responses for mood disorder (Zarate et al, 2006b) .
Increased cerebral glutamate levels have consistently been reported in patients with bipolar depression Michael et al, 2003; Stork and Renshaw, 2005) . In view of the mitochondrial dysfunction (Kato and Kato, 2000; Stork and Renshaw, 2005) and glial-cell pathology observed in BD (Ongur et al, 1998; Rajkowska, 2000; Rajkowska et al, 2001; Webster et al, 2001) , high cerebral glutamate levels may potentially be due to deficits in highly energy-requiring transport of the excitatory neurotransmitter from the synaptic spaces into astrocytes. By alleviating the demand on neuronal energy metabolism, exogenous cytidine administration may help remove excess glutamate, thus preventing it from rising to neurotoxic values (Maragakis and Rothstein, 2001; Takahashi et al, 1997) . Bipolar depressed patients treated with triacetyluridine, which is converted to free uridine on absorption, manifested an early treatment onset with improvement of mitochondrial function (Jensen al, 2008) . Uridine serves as the primary plasma form of pyrimidines, and cytidine and uridine interconvert (Cansev, 2006) . This clinical evidence is consistent with a role for cytidine in normalizing cerebral energy metabolism in BD patients.
Exogenous cytidine administration may also produce an increased synthesis of phospholipids in brain cell membranes (Loffler et al, 2005; Cansev, 2006) . Restoration of neuronal membrane stability could alter various processes to normalize neurotransmitter systems that may be involved in the pathophysiology of mood disorder (Carlezon et al, 2005; Nomura et al, 2001; Pacheco and Jope, 1996) . CDP-choline exerts effects to increase cerebral dopamine and norepinephrine levels (Martinet et al, 1978 (Martinet et al, , 1979 Agut et al, 1984; Saligaut et al, 1985) . Specifically, pyrimidine-induced increase in ATP levels (Silveri et al, 2008) may enhance tyrosine hydroxylase activity (Martinet et al, 1978 (Martinet et al, , 1979 Saligaut et al, 1985) , an ATP-dependent and rate-limiting enzyme for dopamine and norepinephrine synthesis. Similar effects on glutamate synthesis or turnover have not been studied.
Our findings support the overall safety of cytidine supplementation of mood stabilizers in treating BD. Although the safety of short-term and long-term uses of CDP-choline, which consists of cytidine and choline, has been reported consistently (Secades and Lorenzo, 2006) , the long-term tolerability of the use of cytidine in patients with BD should be evaluated in a larger cohort over a longer follow-up period.
Recently, two randomized controlled trials suggested that divalproex is likely to be an effective treatment on bipolar depression (Ghaemi et al, 2007; Davis et al, 2005) . Current valproate administration in the placebo group showed a comparable efficacy at 6-and 8-week treatment periods to those in earlier studies that assessed the efficacy of valproate monotherapy (Ghaemi et al, 2007; Davis et al, 2005) . Our findings suggest that cytidine add-on treatment has a beneficial effect on earlier response than valproate-alone treatment. To further support the earlier response in the cytidine add-on group, we compared the time to first response (defined as the first time there was a more than 50% reduction in baseline HDRS scores) between groups. The mean time to first response was significantly shorter in the cytidine add-on group relative to the placebo add-on group (mean time to response: 36.4 and 50.9 days, respectively; t(24) ¼ À2.63, p ¼ 0.015).
Several factors should be taken into consideration in interpreting these data. First, considering that BD is heterogeneous in clinical characteristics and genetic determination (Muller-Oerlinghausen et al, 2002) , the findings from our cohort may not be generalized. Second, without antidepressant or antidepressant plus valproate as active control arms, our study could not evaluate the relative effect size of added cytidine to antidepressant supplementation. However, considering the previously reported limited efficacy of antidepressants relative to placebo (Sachs et al, 2007) , our placebo-controlled study design may provide clinically meaningful implications for treating bipolar depression.
To the best of our knowledge, this study appears to be the first report regarding the association between exogenous cytidine administration and cerebral glutamate/glutamine levels. As preclinical studies suggest that CDP-choline, which is composed of cytidine and choline, may exert a neuroprotective effect by inhibiting the glutamate-induced apoptosis (Hurtado et al, 2005; Mir et al, 2003; Radad et al, 2007) , further studies in healthy subjects are warranted to confirm the physiological relationship between cytidine administration and alterations in the cerebral glutamatergic system.
In conclusion, we report that cytidine supplementation of valproate is associated with an earlier response in treating bipolar depression and with greater and earlier reductions in cerebral glutamate/glutamine levels. In light of the need for developing improved therapeutics targeting the symptoms of bipolar depression, cytidine augmentation, which may alter the glutamatergic system potentially through a novel mechanism, appears to be a promising option for further study for treating severe depressive episodes in bipolar patients.
